Summary. Goats were hemimastectomized during Weeks 5 or 8 of lactation. The milk yield of the remaining gland (the test gland) usually increased in a compensatory fashion after the operation, although the degree of response varied from no response to a 50% increase. The glands of those goats that responded and received no further treatment maintained an increased milk yield for the duration of the lactation. Changes in the size and composition of the gland were investigated by a combination of udder volume and biopsy in some goats. Increases in both gross size and total DNA content (DNAt, a measure of cell number) were observed in all of these, although the timing of the response varied between individuals. Overall, cell population size was maintained for at least 18 weeks after hemimastectomy whereas in control (unoperated) goats DNA, decreased by 35% over a similar period.
Introduction
The three stages of mammary development which characterize the lactation cycle are proliferation, secretion and involution. Although most proliferation occurs during pregnancy (i.e. before secretion has started) and most involution takes place after secretion has finished, the three processes can overlap: proliferation of secretory tissue continues during early lactation and involution begins during late lactation, both concomitantly with secretion (Knight & Peaker, 1984) . The balance between proliferation and cell loss determines the size of the secretory cell population, and milk yield is ultimately determined by the number and activity of secretory cells. In some organs, such as the liver and kidney, removal of a major part of the tissue's mass stimulates proliferation in the remaining portion (see Bucher & Malt, 1971) . It has been suggested that such compensatory growth may also occur in the goat mammary gland (Linzell, 1963) , although others disagree . The purpose of this study was to try to resolve this difference of opinion, by determining the effects of hemimastectomy during lactation on the development and yield of the remaining gland.
Some of these data have been reported briefly elsewhere (Knight & Peaker, 1982d ).
Materials and Methods
Animals. Saanen or predominantly Saanen cross-bred goats were used in their first lactation. They were milked twice daily at about 08:00 and 16:00 h; the time of milking and yield of each gland were recorded. Hay was available throughout the day and concentrates were fed at each milking (0\m=.\5kg goat mix 1/day: Edinburgh School of Agriculture, Edinburgh, plus 0\m=.\75kg 'Red Label'/day: BOCM Silcock). The udder volumes of the 14 experimental and 10 control animals were measured on a weekly or fortnightly basis by water displacement (Linzell, 1966) . In goats with intact udders, individual gland volumes were calculated by multiplying udder volume by the fraction of the total milk yield produced by each gland, since milk yield and gland volume were significantly correlated (see 'Result', Fig. 3 Mammary gland biopsies were taken under pentobarbitone sodium anaesthesia by the method of Knight & Peaker (1984) .
Experimental. In a preliminary study, 5 goats were hemimastectomized during Week 5 of lactation, milked for a further 7 weeks and then killed. The test gland (that which remained after hemimastectomy) was removed post mortem. The two glands were thus removed 7 weeks apart; both were weighed to obtain a gross weight then trimmed to remove skin and obvious areas of fat and reweighed (trimmed weight).
In the main experiment, 9 goats were hemimastectomized between Weeks 7 and 9 of lactation (mean 8-2 + 0-4, s.e.): 3 of these were milked until Week 34 with no further treatment, and the other 6 were milked until Week 26 and mammary gland biopsies were taken 1, 4, 8 and 12 weeks after hemimastectomy. At the end of the experiment these biopsied animals were killed for removal of the test gland; glands removed at hemimastectomy (control gland) or post mortem (test gland) were weighed, placed on ice and a pooled tissue sample, consisting of at least ten 1-g cubes of tissue from all areas of the gland apart from the cistern, was quickly collected and weighed. A small amount of this sample (^0-5 g) was placed into ice-cold Medium 199 (Flow Laboratories, Irvine, Ayrshire, U.K.) for determination of tritiated thymidine incorporation into DNA in vitro (Knight & Peaker, 1982a (Munro & Fleck, 1966 A significant response to hemimastectomy was also observed in the preliminary study. The yield of the 5 goats hemimastectomized in Week 5 increased by 28% (7-65 + 0-98 to 9-79 + 0-91 kg/ week, < 005, paired t test). During the equivalent weeks of lactation, the yield of the controls rose by 9%, a significantly smaller increase (P < 005, t test).
There was considerable variation between goats in the degree of response to hemimastectomy. The yield of 2 of the 3 non-biopsied goats (Goats B9 and 14) increased markedly after hemimas¬ tectomy, rising from a value similar to that of the controls to exceed the upper 95% confidence limit of the control values for the remainder of the lactation (Fig. 2a) . The third goat in this sub-group showed no response to hemimastectomy (Goat B16, Fig. 2c ). Some of the biopsied goats also increased their yield markedly after hemimastectomy (e.g. Goats R9 and R29, Fig. 2b ) while in others the increase was small, or in some cases yield initially increased but subsequently declined after repeated biopsies (e.g. Goat G7, Fig. 2c ). Comparing the 3 weeks before hemimastectomy with the 6 weeks after hemimastectomy, 6 of the 9 hemimastectomized goats increased their yield by 10% or more (mean 24%) and only 1 goat (Goat 16) 
Week of lactation Fig. 4b ), and the equivalent correlation for the main experimental group was 0-75, < 001, 12 d.f. (data not shown).
In the main experimental group, the volume of the test gland increased by 25-6% after hemi¬ mastectomy (P < 005, paired test) at a time when the gland volume of the control animals was constant (Table 1) . Similar observations were made in the preliminary study, the increases in this case being 32-4% in the hemimastectomized animals (668 ± 66 to 884 + 38ml, < 005, paired t test) and 2-0% (non-significant) in the controls. (Knight & Peaker, 1984) .
Gland volume increased significantly after hemimastectomy in the 6 animals studied, reaching a maximum at 8 weeks. The concentration of DNA in the tissue ([DNA]) decreased progressively, but DNA, was maintained at a constant level throughout (Table 2) than at the time of hemimastectomy, but it declined thereafter ( Table 2 ). The RNA/DNA ratio increased significantly at 1 and 4 weeks after hemimastectomy but then decreased such that at 12 and 18 weeks it was significantly below the hemimastectomy value. Previously-published control composition data were available for Weeks 8 and 23 of lactation (Knight & Peaker, 1984) . In Table 3 these data (adjusted to single-gland values) are compared with the present data using the mean of results for Weeks 20 and 26 (Table 2 ) to approximate to Week 23. Overall, the decline in milk yield was similar in the two groups but size and compositional changes were not. Gland volume increased in the hemimastectomized animals but decreased in the controls, and although [DNA] decreased in both groups, DNA, was maintained after hemimas¬ tectomy but fell significantly in the controls. The decreases in both [RNA] and RNA, were greater in the hemimastectomized group than in the controls, and consequently there was a significant fall in the RNA/DNA ratio in the hemimastectomized animals but not in the controls.
Relationship between milk yield and gland size and composition
The amount of milk produced per unit volume of mammary tissue (g/day/ml tissue) decreased from 4 weeks after hemimastectomy onwards (Table 4) . Between Weeks 8 and 23 (average of Weeks 20 and 26) it fell from 1-95 ± 0-17 to 1-09 ± 0-12 g/day/ml tissue, an overall decrease of 0-86 ± 0-15 g/day/ml tissue (P < 001, paired t test). The Week 8 value was very similar in the controls (1-89 + 008 g/day/ml tissue) but the fall to Week 23 was significantly less (0-31 ± 005 g/ day/ml tissue, < 001, t test). The amount of milk produced per cell (g/h/g DNA) tended to increase initially after hemimastectomy but then decreased at 12 and 18 weeks after operation. Between Weeks 8 and 23 it fell from 22-83 ± 1-77 to 17-63 ± 1-59 g/h/g DNA ( < 005, paired t Compensatory changes in gland size were more consistent. Gland volume increased signifi¬ cantly after hemimastectomy (by 32% in the preliminary study and 25% in the main experiment), and in all 6 biopsied goats the size of the mammary cell population (DNA,) increased at some stage after the operation. Linzell (1963) was the first to suggest that compensatory changes might follow hemimastectomy in lactating goats, but his limited data were not entirely conclusive and were questioned by others (Benson et ai, 1965; Cowie et ai, 1965) . The present results clearly indicate that compensatory changes can occur.
The observation of mammary growth occurring during established lactation has considerable significance for our understanding of the factors governing milk yield. The normal pattern of mammary gland development is for the majority of growth to occur during pregnancy, although proliferation does continue during early lactation in rats and mice (see Cowie et ai, 1980) as well as in the goat (Anderson et ai, 1981; Knight & Peaker, 1984) . Changes in the number of secretory cells do therefore contribute to increased milk yield during the build-up to peak lactation, although in the goat this contribution is probably small in comparison to increases in the synthetic capacity of individual cells (Sarma & Ray, 1984; Wilde et ai, 1986) . The normal course of events is for milk yield to decline gradually after peak lactation, as a result of loss of secretory cells rather than decreased activity-per-cell (Knight & Peaker, 1984; Wilde et ai, 1986 (Wilde et ai, 1985) suggests that this is unlikely. Secondly, deleterious effects of the frequent biopsy regimen may have been responsible for the fall in RNA:DNA. In a previous study (Knight & Peaker, 1984) , 2 biopsies were taken from each gland of intact goats during the 8-week period with only transient effects on milk yield. In the present study, the additional stress of hemimastectomy followed by 4 biopsies taken from the one remaining gland in 12 weeks led to prolonged reductions in milk yield in 3 of the 6 animals. This effect may have been direct (i.e. actual tissue damage within the gland) or indirect, through deleterious effects of repeated fasting, anaesthesia and surgery on the animal's metabolism.
Investigation of the effect of thrice-daily milking of goats on mammary size and function has suggested that the observed increase in yield is achieved in the shorter term by increased activity in pre-existing tissue, and in the longer term by proliferation of new cells (Henderson et ai, 1985; Wilde, et ai, 1985) . The same time-course of events was apparent after hemimastectomy; an initial increase in the potential activity of individual cells (RNA:DNA) was followed by a longer-term increase in the size of the cell population.
Compensatory mammary growth has been observed in other circumstances. Sheep hemimas¬ tectomized during or before pregnancy subsequently produced more than half the yield of intact controls from glands which were bigger than control half-udder size (Davis et ai, 1983) . A similar observation was reported for guinea-pigs by Kuosaite (1965) , although others have been unable to repeat this (Linzell, 1963; Knight & Peaker, 1981) . In mice, mammary development was reduced during gestation by hemihysterectomy, presumably as a result of decreased circulating levels of placental lactogen (Knight & Peaker, 1982b) and by short periods of fasting (Knight & Peaker, 1982c) . In both cases compensatory growth of the gland occurred during early lactation, resulting in a normal milk yield.
It is apparent from these observations that a system for monitoring gland size does exist and that this system initiates further growth when gland size decreases suddenly, falls below a 'target' size of some sort, or is incapable of meeting the functional demands (i.e. for milk) placed on it. Although the mechanisms controlling the compensatory growth are unknown, they may include systemic endocrine factors, local autocrine or paracrine factors, or a combination of more than one of these. The monitoring system may involve endocrine signals produced by the mammary gland, since it is now recognized that the gland does have an endocrine function (Maule Walker, 1984) . Mammogenic hormones, or changes in the gland's ability to respond to them (e.g. through altered receptor number) may also form the compensatory growth stimulus. Local control may be mediated through increased concentrations of stimulatory growth factors (several have been found in colostrum; Brown & Blakely, 1984; Francis et ai, 1986) , or decreased concentrations of growth inhibitors (e.g. a mammary chalone; Gonzalez & Verly, 1978 
